Parasites from the Trypanosomatidae family cause different illnesses in human and animals. Drugs currently in use against them have limited efficacy and high toxicity, therefore is very important that scientists continue their efforts to look for new targets for the treatment of these diseases. Trypanosome brucei is the causal agent of African trypanosomiasis (sleeping sickness) in human and animals, and is one of the trypanosome species that are actively investigated.
INTRODUCTION
In the last years there have been great efforts in protein modeling. In this area one of the most important challenges is to predict the three-dimensional structure of a protein using only its aminoacid sequence with similar accuracy to the experimentally obtained in order to permit the generation of in silico protein models. This task is very important because the modeled structures could be used in other research works such as Rational Drug Design, possible protein functions analysis and antigenic behavior. Additionally the dramatic development about DNA sequences from the genome projects in the last years has added a lot of protein sequences of unknown tridimensional structure and functions. Only the National Center for Biotechnology Information, NCBI, contains in its database at least sequences for 700.000 non identical proteins [1] [2] [3] [4] [5] . Therefore in Silico modeling of proteins is a crucial task, especially for those in which the traditional techniques fail (for example if they are too big for an NMR analysis) or they can not be crystallized 6 . One of the techniques used to develop in Silico Models is Homology Modeling that is based in two observations: the first one is that a protein structure is determined only by its aminoacid sequence, and the second that during evolution the structure is more stable and changes more slowly that the associated sequence, in such way similar sequences have a tendency to adopt almost identical three dimensional structures. These relationships were initially identified by Chotia and Lesk in 1986
Also it is known that related proteins tend to have similar molecular functions 5 and the conserved residues are particularly strong in the catalytic sites and in the region involved in the binding to small molecules. 8 MODELLER is a software for Homology Modeling that allows the construction of three dimensional structures of the modeled proteins using known related structures and calculates several models by satisfaction of spatial restraints that can be derived from different sources such as NMR experiments, electronic microscopy, mutagenesis, etc. [9] [10] [11] [12] MODELLER utilizes multiple alignments of protein sequences. This method is very useful to locate missing residues in the model and to include residues that are not present in the structures used as references. When the alignment is satisfactory Modeller calculates one or several models. Finally it uses the optimization module to refine the calculated three dimensional structures.
In this work we obtained a three dimensional structure of aldolase fructose 1-6 biphosphate from Trypanosome brucei, using as only data the sequence previously reported by Clayton 13 . This enzyme is a possible target to design new compounds active against trypanosomes, because it is involved in the parasite glycolitic process 14 . This glycolitic process is the only one able to generate ATP in the Trypanosome brucei form present in the sanguine flow. Therefore is important to have a theoretical model that could be used in future drug interaction studies, because it is a challenge to search for new drugs related to the treatment of trypanosomiasis 15, 16 since the drugs actually in use are of limited efficacy and can produce toxic effects and parasite resistance .
17,18
We used as reference models rabbit muscle aldolse 19 and human aldolase 20 obtained from Brookhaven database 21 . Additionally efficacy of MODELLER has been evaluated for the development of three-dimensional structures starting from the aminoacid sequence of a protein. For this purpose it was used as validating enzyme a crystalline structure recently reported 22 concluding that the software is very useful, especially for the modeling of the protein core.
EXPERIMENTAL

1.
We look for similar structures to Trypanosome brucei aldolase in the Brookhaven Protein Database 21 that could be used as reference structures and selected a rabbit aldolase 19 and human aldolase 20 identified as 1ADO and 1ALD in the database. (Figure 1) 1 ADO 1ALD Figure 1 . Three dimensional structures of rabbit aldolase (1ADO) 19 and human aldolase (1ALD) 20 used as reference structures.
2.
Then the reference sequences were aligned with the Trypanosome brucei aldolase 1,6 biphosphate sequence previously reported by Clayton 13 using the multiple alignments method and using the conserved regions as reference.
3. The calculation was run using MODELLER [9] [10] [11] [12] , software property from Accelrys/Biosim. MODELLER uses the Charmm force field 23 .
4.
There were generated five possible models and their corresponding tables for protein density violations (PDF Tables) for several properties for each model. The programs allows generation of 18 protein density violation types, between them bond distance, improper torsion, disulfur distances and non bonding interactions. The five generated models are shown in Figure 2 .
5. The PDF violation tables were analyzed. A great PDF value indicates a poor model satisfaction of the spacial restrictions established from the reference structures. In the Table 1 it is shown the average PDF violations for each model. For each violation ribbon structures were also generated showing different wide in violation points, if the ribbon is wider the violation is greater. (Example in Figure 3) .
RESULTS AND DISCUSSION
The five generated structures were identified as TRYPN 1 to 5. (Models shown in Figure 2 ). All of them have a beta barrel TIM structure characterized for an α/β folding. The barrel is formed by eight alpha helices. This structure is similar to the reference protein structures.
Figure 2.
Theoretical models of aldolase fructose 1,6 biphosphate generated using MODELLER After the PDF violations analysis of each model the TRYPN3 structure was selected as the more probable structure of the enzyme. It has the lower PDF violations value and the lower energy. (Values shown in Table 1 ). Table 1 . PDF average and energy values for models TRYPN1, TRYPN2, TRYPN3, TRYPN4 and TRYPN5.
In addition to the PDF tables, the ribbon projections of the different models were observed in order to analyze the zones presenting the PDF violations. In Figure 3 examples are shown for different PDF violations that are zones in which the ribbon is wider. The generated structure was superimposed with the three dimensional structures of the enzymes used as reference giving a good alignment, especially with the rabbit aldolase structure that presents a greater homology with the studied sequence of the crystalline structure of 1,6 aldolase biphosphate reported in the Brookhaven protein database identified as 1F2J 22 . Models shown in Figure 4 . We can conclude that TRPN3 complies with the structural requirements established in the program according to the reference structures. In order to validate our results, TRYPN3 was compared with the crystalline structure of Trypanosome brucei aldolase published by Chudzik et al, reported in the Brookhaven Database protein as 1F2J 22 and we obtained a very good correlation with the aldolase core. As expected, differences were observed in the N terminal loop because this part is not present in the structures used as reference. 
CONCLUSIONS
Our Model TRYPN3 presents the same folding of the aldolase crystallized and reported by Chudzik et al, TIM barrel (beta/alpha) 8 which is also the reported for other aldolases. The C terminal of our model finish with a Tyr residue that is catalytically important in all the reported aldolases. In the N terminal presents a flexible chain. Our model also presents the conserved amino acids for the active site in similar position to the crystalline structure 1F2J. From our results we can conclude that we obtain an acceptable model for the enzyme and that MODELLER is a good option for homology modeling beginning only with the aminoacid sequence of a protein, especially for the protein core.
